We examined the diversity of the plasmids and of the gene tdnQ, involved in the oxidative deamination of aniline, in five bacterial strains that are able to metabolize both aniline and 3-chloroaniline (3-CA). Three strains have been described and identified previously, i.e., Comamonas testosteroni I2 and Delftia acidovorans CA28 and BN3.1. Strains LME1 and B8c were isolated in this study from linuron-treated soil and from a wastewater treatment plant, respectively, and were both identified as D. acidovorans. Both Delftia and Comamonas belong to the family Comamonadaceae. All five strains possess a large plasmid of ca. 100 kb, but the plasmids from only four strains could be transferred to a recipient strain by selection on aniline or 3-CA as a sole source of carbon and/or nitrogen. Plasmid transfer experiments and Southern hybridization revealed that the plasmid of strain I2 was responsible for total aniline but not 3-CA degradation, while the plasmids of strains LME1 and B8c were responsible only for the oxidative deamination of aniline. Several transconjugant clones that had received the plasmid from strain CA28 showed different degradative capacities: all transconjugants could use aniline as a nitrogen source, while only some of the transconjugants could deaminate 3-CA. For all four plasmids, the IS1071 insertion sequence of Tn5271 was found to be located on a 1.4-kb restriction fragment, which also hybridized with the tdnQ probe. This result suggests the involvement of this insertion sequence element in the dissemination of aniline degradation genes in the environment. By use of specific primers for the tdnQ gene from Pseudomonas putida UCC22, the diversity of the PCR-amplified fragments in the five strains was examined by denaturing gradient gel electrophoresis (DGGE). With DGGE, three different clusters of the tdnQ fragment could be distinguished. Sequencing data showed that the tdnQ sequences of I2, LME1, B8c, and CA28 were very closely related, while the tdnQ sequences of BN3.1 and P. putida UCC22 were only about 83% identical to the other sequences. Northern hybridization revealed that the tdnQ gene is transcribed only in the presence of aniline and not when only 3-CA is present.
For many years, anilines and chloroanilines have been among the most important industrially produced amines. They are used widely in the production of polyurethanes, rubber, azo dyes, drugs, photographic chemicals, varnishes, and pesticides (20, 29) . As a consequence of this widespread use, they are detected in wastewaters (31, 49) . Moreover, chloroanilines have been found in waters as a consequence of the transformation of frequently used acetamide and urea herbicides (31) . These toxic and recalcitrant compounds are considered important environmental pollutants (37) and are subject to legislative control by the 76/464/EEC Directive (13) and by the Priority Pollutant List of the U.S. Environmental Protection Agency (15) .
In aquatic environments, the major way to remove aniline is through biodegradation (20, 35) . The first step of the aerobic degradation pathway is oxidative deamination, which results in the formation of catechol, which is then further degraded by an ortho-cleavage pathway (3, 34) or a meta-cleavage pathway (30) . Recently, the different genes of Pseudomonas putida UCC22(pTDN1) involved in the transformation of aniline to catechol were sequenced as tdnA1, tdnA2, tdnB, tdnR, tdnQ, and tdnT (18) ; that from Acinetobacter sp. strain YAA was sequenced as aniline oxygenase gene atdA (17) . Based on sequence similarities with other aniline degradation pathways and on a gene expression study, Fukumori and Saint (18) tentatively concluded that tdnA1, tdnA2, tdnB, and tdnT are structural genes and that tdnR is a positive regulatory gene. tdnQ could be a structural gene, and its product, TdnQ, shows ca. 30% amino acid sequence similarity with glutamine synthetases.
The hypothetical pathway for aniline conversion is as follows. Both atoms of molecular oxygen are incorporated into the 1 and 2 positions of aniline by the oxygenase (TdnA1 and TdnA2) to form a diol, and then the amino group is transferred to TdnQ. TdnT may further transfer the amino group to an unknown substance or release ammonium. All the tdn genes are essential for the conversion of aniline to catechol. A number of catabolic plasmids, such as pCIT1, pTDN1, and pYA1, that can degrade aniline have been described previously (2, 17, 38, 48) .
In contrast to aniline, which is rapidly metabolized, chloroaniline is more persistent in the environment (27, 55) . Therefore, many efforts have been undertaken to isolate bacteria capable of degrading chlorinated anilines. Moraxella sp. strain G (64) was the first strain isolated that could use 4-chloroaniline as a sole source of carbon, nitrogen, and energy. Later, more chloroaniline-metabolizing strains were isolated, such as Pseudomonas sp. strain JL2 (32) , Brevundimonas (previously Pseudomonas) diminuta INMI KS-7 (54), Delftia (previously Pseudomonas) acidovorans CA28 (34) , D. acidovorans BN3.1 (6) , Comamonas testosteroni I2 (4), Aquaspirillum sp. strain 2C, and Paracoccus denitrificans 3CA (53) . (For the current taxonomic situation of B. diminuta and D. acidovorans, see Segers et al. [51] and Wen et al. [63] , respectively.) The pathway of monochloroaniline degradation in some of these strains was found to lead directly to a modified ortho-or meta-cleavage pathway after oxidation of the monochloroaniline to the corresponding chlorocatechol (4, 26, 32, 34, 65) . The involvement of plasmids in chloroaniline degradation was not clear from these studies.
In contrast to the situation for the aniline degradation pathway, no specific genes for the transformation of chloroaniline have yet been described. The present study was designed to investigate the genetic diversity of five different aniline-and 3-chloroaniline (3-CA)-degrading strains. We compared the involvement of the plasmids in these strains in the degradation of aniline and 3-CA as well as the diversity of the tdnQ gene, one of the genes involved in the oxidative deamination of aniline.
MATERIALS AND METHODS
Bacterial strains and plasmids. The bacterial strains and plasmids used in this study are listed in Table 1 . Strains I2, B8c, and LME1 were deposited in the BCCM/LMG Bacterium Collection (Ghent, Belgium) under the numbers LMG 19554, LMG 19553, and LMG 19555, respectively. Escherichia coli S17-1 pir (24) was transformed with plasmid pUTgfp (58) as described by Chung et al. (7) . This plasmid contains a mini-Tn5 transposon with the nptII (Km r ) and gfp genes and was used to insert the latter two genes into the chromosome of rifampinresistant Ralstonia eutropha JMP228 (60) . This procedure was done by means of biparental mating between E. coli S17-1 pir(pUTgfp) (24, 58) and R. eutropha JMP228, with selection on Luria broth (LB) agar plates containing rifampin (100 mg/liter) and kanamycin (50 mg/liter). The new strain, JMP228gfp, is rifampin and kanamycin resistant and shows green fluorescence under UV light.
Media and culture conditions. Mineral medium MMN (mineral medium without nitrogen and carbon) is derived from mineral medium MMO (52) (4) . The liquid mineral medium was supplemented with 200 mg of aniline (Sigma-Aldrich Chemie, Steinheim, Germany) (MMN-A) or 3-CA (Fluka AG Chemische Fabrik, Buchs, Switzerland) (MMN-CA) per liter; for the solidified mineral medium, aniline and 3-CA were each used at a concentration of 500 mg/liter. Sodium pyruvate (1,000 mg/liter of MMN medium) was added as an additional carbon source to MMN-A and MMN-CA in order to select for bacteria by utilizing aniline or 3-CA as a sole source of nitrogen (MMN-AP and MMN-CAP, respectively). LB medium containing 10 g of Bacto Peptone (Difco, Detroit, Mich.), 5 g of Bacto Yeast Extract (Difco), and 5 g of NaCl in 1 liter of demineralized water was used as a rich medium. These media were solidified with 2% agar for plate growth.
Isolation of 3-CA-degrading microorganisms. C. testosteroni I2 (4), D. acidovorans CA28 (34) , and D. acidovorans BN3.1 (6) were isolated previously. In this study, strain B8c was isolated from a wastewater treatment plant of a potato-processing company (in Waregem, Belgium), and strain LME1 was isolated from soil that has been treated annually with 3 kg of linuron/ha for at least 10 years (Royal Research Station of Gorsem, Sint-Truiden, Belgium) (see also reference 12). Erlenmeyer flasks (0.25-liter capacity) containing 100 ml of activated sludge (4 g [dry weight]/liter) or soil (5 g in 95 ml of MMN-CA medium) were used to select for 3-CA-degrading microorganisms over a 6-week period by adding 200 mg of 3-CA/liter at the beginning and once a week when less than 5 ml of 3-CA/liter was left in the flasks. The dry-weight determination was performed by incubating a 50-ml sample at 105°C for 24 h and measuring the loss of weight after incubation (22) . Subsequently, a 0.5-liter Erlenmeyer flask containing 200 ml of MMN-CA medium (200 mg/liter) was inoculated with 2 ml of the enrichment culture. After 6 days, the second generation of the enrichment culture was transferred to fresh MMN-CA medium (1% inoculum) in a 0.5-liter Erlenmeyer flask. After 6 days of incubation, 100 l of the culture was spread onto MMN-CA and MMN-CAP agar plates, which were incubated aerobically at 28°C for 1 week. Bacteria that were able to form colonies and that grew in liquid MMN-CA or MMN-CAP medium were regarded as 3-CA-assimilating bacteria.
Cultivation of the isolated microorganisms. Overnight cultures in 5 ml of LB were used as inocula for degradation experiments. After 1 ml of culture was centrifuged for 5 min at 7,000 ϫ g, washed, and resuspended in 1 ml of saline (0.85% NaCl), an inoculum (1% the final volume) was transferred to liquid MMN medium with the previously described concentrations of 3-CA and/or sodium pyruvate. All cultures were incubated aerobically at 28°C in the dark on a shaker (140 rpm). Identification of the isolates. Sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis of whole-cell proteins was performed as previously described (44) . Briefly, cells were harvested from tryptic soy agar plates (BBL) after 48 h of incubation at 37°C. Protein extracts were prepared in an SDS-and betamercaptoethanol-containing buffer and separated on a discontinuous SDS-polyacrylamide gel. The gel was then stained with Coomassie blue and scanned with an LKB 2202 Ultroscan laser densitometer (LKB, Bromma, Sweden). The protein extract of Psychrobacter immobilis LMG 1125 was used as a standard for normalization (45) . Numerical interpretation of the data was completed with the GelCompar 4.1 software package (Applied Maths, Kortrijk, Belgium).
DNA preparation and determination of the moles percent content of guanine plus cytosine via high-pressure liquid chromatography (HPLC) were done as described by Logan et al. (33) ; nonmethylated phage lambda DNA (Sigma) was used as the calibration standard. Total genomic DNA-DNA hybridizations were performed by the microplate method of Ezaki et al. (14) using black MaxiSorp (Nunc, Roskilde, Denmark) microplates and an HTS7000 bioassay reader (Perkin-Elmer, Norwalk, Conn.). The hybridization temperature was 55°C.
Methods for plasmid DNA extraction, restriction analysis, and Southern hybridization. Plasmid DNA was isolated by a modified version (59) of the alkaline extraction procedure for large plasmids (28) . Restriction endonuclease digestion was done according to the instructions of the enzyme supplier (Hoffmann-La Roche, Basel, Switzerland). Southern hybridizations were performed at high stringency as described by Top et al. (60) . Digested plasmid DNA was separated by electrophoresis on a 0.7% agarose gel and blotted onto Hybond-N nylon membranes (Amersham International, Little Chalfont, Buckinghamshire, England). The tdnQ probe was prepared by using the PCR digoxigenin (DIG) labeling mix (Hoffmann-La Roche) according to the instructions of the supplier and using two primers designed in this study (see description of PCR amplification below) and vector pTDN1-3112 (Table 1) as a template. The IS1071 probe was removed from vector pBRH4 (42) with HindIII and subsequently labeled with a DIG DNA random labeling kit. The korA probes for the IncP-1␣ and IncP-1␤ groups were prepared by PCR labeling as previously described using plasmids RP4 (8) and pJP4 (11) as templates, respectively.
Plate matings. Biparental matings were performed by using LB agar plates with the donor and the recipient, R. eutropha JMP228gfp, grown separately overnight in LB. The first selection step for aniline-or 3-CA-degrading transconjugants was done with liquid MMN-CA, MMN-CAP, MMN-A, and MMN-AP media (5 ml in 20-ml tubes) supplemented with kanamycin (50 g/ml). After the transconjugants showed growth in the liquid media (as observed by turbidity measurements), they were plated on the corresponding solid MMN media. Green fluorescence under UV light confirmed that potential transconjugant colonies were indeed JMP228gfp. Selection for transfer of Hg r was performed directly with LB agar supplemented with HgCl 2 (20 mg/liter).
Northern hybridization. C. testosteroni I2 and D. acidovorans CA28 were grown overnight at 28°C in LB, LB-aniline (200 mg/liter), and LB-3-CA (200 mg/liter). Total RNA was extracted as described by Reddy et al. (46) . In brief, 10 ml of culture was centrifuged for 10 min at 12,000 ϫ g and 4°C. The pellet was resuspended in 10 ml of protoplasting buffer (15 mM Tris, 0.45 M sucrose, 8 mM EDTA, 0.1% diethylpyrocarbonate [DEPC] [pH 8.0]) with the addition of 80 l of 50-mg/ml lysozyme and incubated on ice for 15 min. Subsequently, the protoplasts were centrifuged for 5 min at 5,900 ϫ g, and the pellet was resuspended in 0.5 ml of gram-negative bacterium lysing buffer (10 mM Tris, 10 mM NaCl, 1 mM sodium citrate, 1.5% SDS, 0.1% DEPC [pH 8.0]), incubated for 5 min at 37°C, and chilled on ice. A 250-ml quantity of saturated NaCl (40 g of NaCl/100 ml of H 2 O) was added, and the solution was incubated on ice for 10 min and centrifuged at 12,000 ϫ g for 10 min. The supernatant was removed to a clean tube, 1 ml of ice-cold 100% ethanol was added, and the RNA was precipitated on dry ice (30 min). Afterward, the tube was centrifuged at 12,000 ϫ g for 15 min, and the pellet was rinsed in 70% ethanol, air dried, and dissolved in 100 l of DEPC-treated water. Equal amounts of total RNA were loaded on a denaturing agarose gel with formaldehyde, and the gel was Northern blotted onto a Hybond-N nylon membrane. Northern hybridization was done as described by Thomas (57) .
Chemical analysis. Supernatants of bacterial cultures were analyzed by reverse-phase HPLC after the cells were removed by centrifugation (10 min at 5,000 ϫ g). The HPLC system consisted of a Kontron liquid chromatograph with a DEGASYS DG-1310 system to degas the mobile phase, three Kontron 325 high-pressure pumps, a Kontron MSI 660 injector with a 20-l loop, a Kontron DAD 495 diode-array detector, and a 450 MT2/DAD software system. An Alltima C 18 column (250-by 8-mm inner diameter, 5-m particle size; Alltech, Deerfield, Ill.) was used. The mobile phase consisted of CH 3 OH-0.1% H 3 PO 4 (60:40), the flow rate was 0.75 ml/min, and the UV detector was set to 210 nm.
Quantitative determinations of aniline and 3-CA were done using an external standard ranging from 1 to 250 mg/liter. The detection limit was ca. 0.5 mg/liter.
Gas chromatography (GC)-mass spectrometry (MS) analyses were carried out with a model 2700 GC (Varian, Palo Alto, Calif.)-MAT112S (Finnigan, San Jose, Calif.) gas chromatograph-mass spectrometer equipped with a DB-1 capillary column (100% dimethylsiloxane; length, 30 m; internal diameter, 0.53 mm; film thickness, 5 m). The temperature of the injector was 200°C, and that of the detector was 250°C. The oven temperature was programmed to increase from 40 to 220°C at a rate of 2°C/min. Helium was used as the carrier gas at a flow rate of 3.5 ml/min. PCR amplification. For pure cultures, the template for PCR amplification was obtained by extracting total genomic DNA by the procedure of Bron and Venema (5). One microliter of genomic DNA solution was used in a PCR. The PCR mixture contained 0.5 M (each) primers, 100 M (each) deoxynucleoside triphosphates, 10 l of 10ϫ Expand High Fidelity PCR buffer and 2 U of Expand High Fidelity DNA polymerase (both from Hoffmann-La Roche), 400 ng of bovine serum albumin (Hoffmann-La Roche)/l, and sterile water (Sigma) to a final volume of 50 l. The tdnQ gene was amplified with primers tdnQ1F (5Ј-TCC-CTG-CCT-GGA-GCC-CGA-AAC-3Ј) and tdnQ1R (5Ј-TCC-CGC-G CC-GTG-AGT-GAC-TG-3Ј). The latter were designed in this study on the basis of specific regions of the tdnQ sequence (DDBJ-EMBL-GenBank accession number D85415). The length of the expected amplified fragment was 384 bp. A GC clamp (5Ј-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGG GGGG-3Ј) (39) was attached to the 5Ј end of the tdnQ1F primer. PCR was performed with a Perkin-Elmer 9600 thermal cycler as follows: 94°C for 5 min and then 30 cycles of 92°C for 1 min, 53°C for 1 min, and 72°C for 2 min. A final extension was carried out at 72°C for 10 min. For incompatibility group determinations, korA primers specific for incompatibility group IncP-1 were used, and PCR amplification was performed as described previously (21) .
DGGE. Denaturing gradient gel electrophoresis (DGGE) based on the protocol of Muyzer et al. (39) was performed with a D Gene System (Bio-Rad, Hercules, Calif.). PCR samples were loaded onto 8% (wt/vol) polyacrylamide gels in 1ϫ TAE (20 mM Tris, 10 mM acetate, 0.5 mM EDTA [pH 7.4]). The polyacrylamide gels were made with a denaturing gradient ranging from 50 to 80% (where 100% denaturant contains 7 M urea and 40% formamide). Electrophoresis was carried out for 5 h at 60°C and 180 V. Then, the gels were stained with SYBR GreenI nucleic acid gel stain (1:10,000 dilution; FMC BioProducts, Rockland, Maine) and photographed (4) .
DNA cloning and sequencing. Putative tdnQ gene fragments were cloned by using a TOPO TA cloning kit (Invitrogen, Carlsbad, Calif.) according to the manufacturer's instructions. DNA sequencing was carried out at Eurogentec (Liège, Belgium). Analysis of DNA sequences and homology searches were completed with standard DNA sequencing programs and the BLAST server of the National Center for Biotechnology Information using the BLAST algorithm (1) and using the BLASTN and BLASTX programs for the comparison of a nucleotide query sequence against a nucleotide sequence database and a nucleotide query sequence translated in all reading frames against a protein sequence database, respectively.
Nucleotide sequence accession numbers. Nucleotide sequences for fragments tdnQ-I2, tdnQ-LME1, tdnQ-B8c, tdnQ-CA28, and tdnQ-BN3.1 have been deposited in the GenBank database under accession numbers AF315641, AF315640, AF315643, AF315639, and AF315642, respectively.
RESULTS

Isolation and identification of 3-CA-metabolizing bacteria.
Strains B8c and LME1 were isolated as new 3-CA-metabolizing bacteria from activated sludge and from linuron-treated soil, respectively. One of these two strains, strain LME1, and strains I2, CA28, and BN3.1 are able to use aniline and 3-CA as sole sources of carbon and nitrogen. When aniline and 3-CA were used as sole carbon sources, all strains could degrade the compounds between 40 and 75 h (Fig. 1) . When aniline and 3-CA were used as sole nitrogen sources and sodium pyruvate was used as an additional carbon source, the degradation of both compounds was already completed between 14 and 24 h. No aromatic intermediates were observed by HPLC analysis. Strain B8c, on the contrary, grew with aniline as a sole carbon source but not with 3-CA (data not shown). However, it grew in MMN-CAP medium with 3-CA as a sole N source and formed a brown intermediate (Fig. 2) . This result was corroborated by the detection of an aromatic intermediate by HPLC analysis (Fig. 2) . The mass spectrum of this product, analyzed by GC-MS, was consistent with the structure of 4-chlorocatechol (25) Strain B8c has a nucleotide composition of 66.6 mol % GϩC and showed 92% DNA reassociation when hybridized with LMG 1226 T (56), the type strain of Comamonas acidovorans, which was recently accommodated in the new genus Delftia as Delftia acidovorans (63) . Much lower DNA reassociation values of 28 and 32% were found when strain B8c was hybridized with C. testosteroni LMG 1800 T (36) and Comamonas terrigena LMG 1253 T (9), respectively. Since strains B8c and LME1 showed identical SDS-PAGE patterns for whole-cell proteins, both strains were unambiguously identified as D. acidovorans.
Involvement of plasmids in degradation. Extraction of plasmids from strains LME1, I2, B8c, CA28, and BN3.1 revealed that they all contained a plasmid with a size of ca. 100 kb, designated pNB1, pNB2, pNB8c, pC1, and pB1, respectively. An EcoRI-PstI digest of the plasmids revealed different restriction patterns (Fig. 3A) . All plasmids yielded an amplification product after PCR with the korA primers, which are specific for the IncP-1 group of broad-host-range plasmids. Southern hybridization of these korA PCR products with RP4 (IncP-1␣)-and pJP4 (IncP-1␤)-generated probes revealed that plasmids pNB1, pNB2, pNB8c, and pC1 hybridized with the IncP-1␤-derived probe; pNB8c also hybridized with the IncP-1␣-derived probe; and pB1 did not hybridize with either of the two probes, although an amplification product had been obtained (data not shown). Four of the five plasmids clearly belong to the IncP-1 group; three of them appear to be IncP-1␤ plasmids.
To determine if some of the catabolic genes were plasmid encoded, conjugative transfer of the aniline or 3-CA degradation phenotype from strains I2, LME1, B8c, CA28, and BN3.1 to the recipient strain R. eutropha JMP228gfp was examined. From these mating experiments, different plasmid-encoded functions could be derived, as summarized in Table 1 . All transconjugants, except for that resulting from the mating with D. acidovorans BN3.1, used aniline as a nitrogen source; however, only JMP228gfp(pNB2) degraded aniline completely in MMN-A medium and thus used it as a sole carbon source as well. As determined by HPLC, the other transconjugants, which can use aniline only as a nitrogen source and not as a carbon source, transformed only 50% of the added aniline in MMN-A medium. This result could have been due to the toxic effect of accumulated intermediates, such as catechol. A brown color, usually caused by polymerization products of catechol, was indeed observed in these cultures. Some of the transconjugants obtained from matings between CA28 and JMP228gfp showed different degradation capacities, and their plasmids were named pC1-1, pC1-2, and pC1-3. Plasmids pC1-1 and pC1-3 contain the genes necessary for the oxidative deamination of 3-CA, while transconjugants with pC1-2 could not use 3-CA as a nitrogen source. When the three types of transconjugants were grown in MMN-AP medium, the medium became brown, probably due to the formation and accumulation of catechol and its polymerization products. This result was not observed when transconjugants JMP228gfp(pC1-1) and JMP228gfp(pC1-3) were grown in MMN-CAP medium. Plasmid extraction with EcoRI-PstI digestion and PCR with the korA primers for IncP-1 plasmids revealed the presence of the different plasmids in the JMP228gfp transconjugants. The plasmids in the donors and the respective transconjugants had identical restriction patterns (data not shown). Conjugation between D. acidovorans BN3.1 and R. eutropha JMP228gfp did not yield any transconjugants that were able to metabolize aniline or 3-CA. C. testosteroni I2, which was the only mercuryresistant strain, could transfer this mercury resistance to JMP228gfp, indicating that the resistance gene is also located on plasmid pNB2 (Table 1) .
If the aniline-and/or 3-CA-degradative genes located on the plasmids have enough similarity with some of the cloned and sequenced tdn genes of P. putida UCC22, involved in the oxidative deamination of aniline (18), we should be able to confirm their localization on the plasmids by hybridization. Therefore, primers were designed and a probe was developed for one of the genes, tdnQ. Restriction digestion of plasmids pNB2, pNB1, pNB8c, and pC1 with EcoRI and PstI showed a clear hybridization signal of a 1.4-kb fragment after Southern hybridization with the tdnQ probe (Fig. 3B) . Only with plasmid pB1 was no hybridization signal obtained. The probe derived from IS1071 also hybridized with a 1.4-kb fragment (Fig. 3C ).
This probe also hybridized to an additional, 2.7-kb fragment of plasmid pNB2 as well as to a large fragment (ca. 17 kb) of plasmid pB1. The large fragments of plasmids pNB8c and pC1 are due to incomplete digestion (Fig. 3C) . The data show that tdnQ-like genes, very similar to tdnQ of P. putida UCC22, are located on all four plasmids that could transfer the capacity to deaminate aniline and/or 3-CA by conjugation.
Comparison of partial tdnQ sequences. To investigate the diversity of the tdnQ-like genes in the five strains, PCR amplification with tdnQ primers, including one GC clamp, was performed. All the aniline-and 3-CA-metabolizing strains, I2, LME1, B8c, CA28, and BN3.1, as well as the positive control (vector pTDN1-3112) yielded a PCR amplification product of the expected length of 384 bp. An initial comparison of the sequences of the amplified fragments was done via DGGE analysis. A 50 to 80% gradient of denaturing agents resulted in the best separation of the fragments of the different strains. The tdnQ fragments were clearly not identical and could be classified in three groups (Fig. 4) . The first group, tdnQ from C. testosteroni I2 (tdnQ-I2) and from D. acidovorans LME1 (tdnQ-LME1), was denatured at rather low denaturant concentrations (upper part of the gel), and a very small difference in migration between the two fragments was observed. The second group, tdnQ from D. acidovorans B8c (tdnQ-B8c) and from D. acidovorans CA28 (tdnQ-CA28), was localized at higher concentrations of denaturing agents (middle of the gel) and seemed to migrate at the same rates. The fragments of the original tdnQ gene of P. putida (tdnQ-UCC22) and of D. acidovorans BN3.1 (tdnQ-BN3.1) both migrated to the bottom of the gel at the highest denaturant concentration and thus formed the third group. While the difference in migration positions between the last two groups of PCR fragments was FIG. 4 . DGGE analysis of tdnQ fragments of different strains capable of degrading aniline and 3-CA.
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To confirm the sequence differences of these tdnQ fragments, all five PCR products (without the GC clamp) were cloned and subsequently sequenced. Analysis of the DNA sequences is summarized in Table 2 . The partial tdnQ genes of the five strains were related to the partial tdnQ gene of P. putida UCC22. While the sequence of the tdnQ-BN3.1 fragment was nearly identical to that of the tdnQ-UCC22 fragment, the sequences of the tdnQ-I2, tdnQ-LME1, tdnQ-B8c, and tdnQ-CA28 fragments were only 80 to 84% similar to that of the tdnQ-UCC22 fragment. When the partial sequences were translated to the amino acid sequence level, all the sequences were found to be highly similar to the amino acid sequence of the TdnQ protein of P. putida UCC22 (18) and less similar to a component of an aniline dioxygenase (glutamine synthetaselike protein) of Acinetobacter sp. strain YAA (17) (GenBank accession number D86080) ( Table 2 ). Only the last 306 bp of the 384-bp tdnQ fragment was translated into the partial protein structure of 102 amino acids. A comparison of the DGGE and sequencing results showed that the DGGE approach can be useful for specifically amplifying and analyzing tdnQ-like genes from mixed cultures.
Differential expression of tdnQ. In order to investigate the role of tdnQ in the degradation of 3-CA, strains C. testosteroni I2 and D. acidovorans CA28 were grown in LB, LB-aniline, and LB-3-CA. No traces of aniline and 3-CA could be detected at the time of cell collection, prior to RNA extraction. This result indicates that at least one or several genes involved in the initial transformation steps had been transcribed. Total RNA was blotted and hybridized with the tdnQ probe (Fig. 5) . With both strains, only the RNA that was extracted from the cells grown with aniline hybridized with the tdnQ probe. These results suggest that under the conditions used here, the tdnQ gene in these strains is induced by aniline or its metabolites (18) but not by 3-CA or its metabolites. This notion implies that oxidative deamination of 3-CA in these strains may involve genes different from those responsible for aniline degradation.
DISCUSSION
Several bacterial species are known to degrade 3-CA (6, 32, 34, 53, 54, 64) . Strains LME1 and B8c, isolated and described in this study, are two new strains of the species D. acidovorans that are able to metabolize aniline and 3-CA. C. testosteroni I2 (4) and D. acidovorans CA28 (34), BN3.1 (6) , and LME1 show similar metabolic capacities. D. acidovorans B8c is not able to use 3-CA as a sole carbon source and thus is unable to degrade 3-CA completely. This situation leads to the accumulation of 4-chlorocatechol in the medium. During the dioxygenation of 3-CA, theoretically two different intermediates may be formed, e.g., 3-chlorocatechol and 4-chlorocatechol (32) . The MS results obtained in this study, together with data from the literature (34, 50, 65) , suggest that D. acidovorans B8c degrades 3-CA preferably through 4-chlorocatechol. D. acidovorans LME1 showed no accumulation of chlorinated catechols, probably because of the high level of activity of a chlorocatechol dioxygenase (34) .
All the strains that were investigated harbor a large plasmid. Matings between D. acidovorans CA28 and the recipient JMP228gfp resulted in transconjugants with different pheno- types. Some could transform 3-CA and aniline; some could transform only aniline. However, no differences in the plasmid restriction patterns of the different transconjugant colonies could be shown. The cause of these different characteristics is currently under further investigation. When these transconjugants were grown in MMN-CAP, no formation of chlorocatechol was noted. However, complete mineralization of 3-CA apparently did not occur, since 3-CA could not be used as a carbon source. This result suggests that an aliphatic intermediate accumulated after ring cleavage. This aliphatic intermediate would likely have a six-carbon backbone because the release of any carbon should support some growth. It is clear that none of the plasmids codes for complete 3-CA mineralization. To our knowledge, plasmid pC1 of D. acidovorans CA28 is the first and only plasmid characterized so far that codes for partial 3-CA degradation. Plasmid pNB2, on the other hand, was the only plasmid that conferred complete degradation of aniline in R. eutropha JMP228gfp, allowing the strain to use the compound as a sole carbon source. This plasmid of C. testosteroni I2 is thus a new aniline catabolic plasmid, which also encodes mercury resistance. The observation that three plasmids could transfer the ability to use aniline but not 3-CA as a sole nitrogen source suggests that the genes carried on these plasmids are insufficient for the oxidative deamination of 3-CA. This suggestion leads to the hypothesis that other, as-yet-unknown chromosomally located genes are required for the deamination of 3-CA.
In order to confirm the involvement of the plasmids in aniline and/or 3-CA degradation, hybridization experiments were performed with a tdnQ probe. This particular gene was chosen as a representative of the tdn genes for several reasons. First, after primers were designed for tdnQ and tdnA, based on their sequences in the database, the only set that yielded amplification with the five strains was the set of tdnQ primers. An additional advantage was that the cloned tdnQ gene of P. putida UCC22 was provided to us by F. Fukumori, allowing us to make a tdnQ probe by PCR labeling. The other genes, such as tdnA2 and tdnT, were smaller and did not allow effective primer design. Out of the five plasmids, the four that were able to transfer the ability to use aniline as a nitrogen source also hybridized with the tdnQ gene. Only plasmid pB1 of D. acidovorans BN3.1, which could not transfer the ability to transform aniline and/or 3-CA, did not yield a hybridization signal. This result suggests either that plasmid pB1 does not carry the catabolic genes or that this plasmid carries catabolic genes involved in aniline or 3-CA but with lower sequence similarity to tdnQ and is not conjugative.
All plasmids in this study belong to the IncP-1 incompatibility group, and most of them could be assigned to the IncP-1␤ subclass by korA primers and probes. The incompatibility group and host range of several other catabolic plasmids are still not known. Interestingly, most plasmids involved in the degradation of chlorinated aromatics and for which the incompatibility group has been determined seem to belong to the IncP-1 group (often even IncP-1␤), known to contain plasmids with a very broad host range (61) . Examples are pJP4 (2,4-dichlorophenoxyacetic acid and 3-chlorobenzoic acid), pAC25 (3-chlorobenzoic acid), pBR60 (3-chlorobenzoic acid), and others (61) . In our study, the only plasmid which yielded a korA PCR product that did not hybridize with the IncP-1␣-or the IncP-1␤-derived probe was plasmid pB1 from D. acidovorans BN3.1. This result could mean that plasmid pB1 belongs to an incompatibility group other than IncP-1, with a more restricted host range. Interestingly, pB1 is also the only one of the five plasmids which did not allow conjugative transfer of the 3-CAor aniline-transforming phenotype and which did not hybridize with the tdnQ probe.
Results of recent studies have shown that a variety of catabolic genes and operons are flanked by insertion elements (10) . IS1071 is an insertion sequence that has been found to bracket the class II transposable element Tn5271, first described for the 3-and 4-chlorobenzoate-degrading strain Alcaligenes sp. strain BR60 (40) . Fulthorpe and Wyndham (19) observed that after the introduction of this host strain in lake water and sediment microcosms exposed to 4-chloroaniline, IS1071 was mobilized into different strains and was found in a plasmid unrelated to the donor, pBRC60. Also, in our study, insertion sequences strongly related to IS1071 were detected on the plasmids of the aniline-and 3-CA-degrading strains, probably on the same restriction fragment as the tdnQ gene. This finding suggests that in our strains, tdnQ is flanked by an insertion sequence fragment of the group IS1071. Other investigators (18, 43) also identified the tnpA transposase sequence, which is related to that of IS1071, near the tdnQ gene. Furthermore, Fujii et al. (17) found the transposase gene sequence of Tn1000 on the aniline catabolic plasmid pAS185 of Acinetobacter sp. strain YAA. These findings suggest that during bacterial evolution, the genes responsible for aniline degradation have been spread by horizontal transfer aided by transposons, such as Tn5271. The additional hybridization signal of a 2.7-kb fragment of plasmid pNB2 with the IS1071 probe could be related to the plasmid-encoded mercury resistance. This observation corroborates the findings of Pearson et al. (41) , who observed that class II transposase genes are often associated with mercury resistance genes (mer genes).
A new approach to the study of the diversity of functional genes is the analysis of PCR products of these genes by DGGE (23, 47) . To our knowledge, this is the first study that has used DGGE to examine the diversity of a gene involved in the degradation of an aromatic compound. The classification of the tdnQ-like gene fragments in three groups, based on their rates of migration in the DGGE gel (Fig. 4) , did not correspond entirely with the degree of sequence similarity between the cloned fragments ( Table 2 ). This situation is to be expected, since fragments with different DNA sequences may sometimes end up at the same location in the DGGE gel, while in many other cases, a 1-bp difference can be sufficient to separate two sequences (16) . A comparison of DGGE and sequencing data demonstrates, however, that there was sufficient variation at the DNA sequence level to separate the different tdnQ-like genes in the DGGE gel. This DGGE approach, applied to total DNA from various environmental habitats, could be especially useful for further investigation of the diversity of tdnQ-like genes and other catabolic genes in microbial communities without prior cultivation of the degrading organisms.
Interestingly, different tdnQ sequences were found in strains of the same species (tdnQ-CA28 and tdnQ-BN3.1), while almost identical sequences were detected in two strains of different genera (tdnQ-I2 and tdnQ-LME1 or tdnQ-BN3.1 and tdnQ-UCC22). These results suggest again that horizontal gene transfer has played a role in the evolution of chloroanilinedegrading bacteria. The tdnQ gene products are quite conserved, and all belong to the group of glutamine synthetaselike proteins, involved in the oxidative deamination of aniline. None of the obtained tdnQ nucleotide sequences was related to the sequence of the aniline dioxygenase gene (glutamine synthetase-like protein) of Acinetobacter sp. strain YAA (17) , while there was a good relationship at the level of the amino acid sequence. The tdnQ primers were probably too specific to detect possible genes responsible for the oxidative deamination of 3-CA in the strains. Work to identify the latter genes and their diversity within chloroaniline-degrading bacteria is currently under way.
In the present study and in previous reports (32) , the relationship between the degradation of aniline and its chlorinated analogue, 3-CA, has been mentioned. The enzymes responsible for ortho-ring cleavage of catechol and chlorocatechols are different (26) . However, it is not clear if the genes and enzymes responsible for the transformation of aniline and 3-CA into chlorocatechol (oxidative deamination) are also different. Some aniline-degrading bacteria were able to transform 3-CA into chlorocatechol, but these bacteria needed aniline or glucose as a cosubstrate and the cells had to be preincubated with aniline (45, 50) . On the one hand, evidence in support of the hypothesis that the oxidative deamination of aniline and its chlorinated analogue is performed by the same enzyme was provided by the work of Latorre et al. (32) . The authors obtained 2-chloroaniline-, 3-CA-, and 4-chloroaniline-degrading bacteria by natural gene exchange between an aniline-or a toluidine-degrading Pseudomonas strain and chlorocatecholassimilating Pseudomonas sp. strain B13. Hybrid organisms were isolated through cocultivation of the parent strains in a chemostat as well as through conjugation on solid media in the presence of chloroanilines as selective substrates. On the other hand, some aniline-degrading bacteria have been reported to be unable to metabolize or cometabolize monochloroanilines (62) , while all 3-CA-degrading bacteria described so far can use aniline as a sole carbon source (6, 32, 34, 64) . This information suggests the existence of at least two different sets of enzymes, one that can transform only aniline and another that can transform both aniline and 3-CA. In our study, C. testosteroni I2 and D. acidovorans B8c and LME1 could transfer the genes encoding the oxidative deamination of aniline, while the genes encoding the oxidative deamination of 3-CA could not be transferred. These findings, together with the differential transcription of the tdnQ mRNA (Fig. 5 ), strongly suggest that two different sets of genes are involved in the oxidative deamination of aniline and 3-CA.
This work has shown that the catabolic plasmids and the tdnQ genes involved in the oxidative deamination of aniline in five strains of the family Comamonadaceae are quite diverse. We described a new plasmid encoding complete aniline degradation and two plasmids that code for the partial oxidative deamination of aniline. We also found evidence that the plasmid in D. acidovorans CA28 is the only one in the five strains that codes for partial 3-CA degradation. The importance of IncP-1 plasmids and insertion sequence elements in the spread of catabolic genes was confirmed. Increasing the understanding of new catabolic plasmids for future studies on the bioaugmentation of polluted environments is also relevant.
